
• Riteat 



Office 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 

South Wales 



^ 1O8( fcM7DEC20Q4 



WlPO 



I the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates onbehalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



PCT 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



03 

rn 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c. , (~) 
pic, P.L.C. or PLC. O 

stration under the Companies Act does not constitute a new legal entity but merely 
the company to certain additional company law rules. 



Signed 

Dated 18 November 20i 




UH0V03 E85tO39-? f DOO0B f- 

poi/7700 o.|-opmiS # 



squest for grant of a patent 

? *7h? notes on the back of this form. You can also 
an explanatory leaflet from the Patent Office to 
7 you fill in this form) 



The Patent Office 

Cardiff Road 
Newport 
GwentNP9 1RH 




Patent appft 
(The Patent Offict 

Full name, address and postcode of the or of 
each applicant (underline all surnames) 



0326194.8 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 

4. Title of the invention 



University of Kent 
The Registry 
University of Kent 
Canterbury 
Kent 
CT2 7NZ 



5"<o<^ Vb^> o^Co 



United Kingdom 
PROTEINS INVOLVED IN SIGNAL TRANSDUCTION 



5 . Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 



Carpmaels & Ransford 

43-45 Bloomsbury Square 

London 

WC1A2RA 



Patents ADP number (if you know it) 83001 



6. 


If you are declaring priority from one or more Country Priority replication number 
earlier patent applications, give the country W > ou knaw 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 


Date of filing 
(day /month /year) 


7~ 


If this application is divided or otherwise Number of earlier application 
derived from an earlier UK application, 


Date of filing 
(day / month /year) 




give the number and the filing date of 






the earlier application 




8~ 


Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes 9 if: 

a) any applicant named in part 3 is not an inventor, or Yes 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body 





See note (d)) 



Patents Form 1/77 

I . 

9. center the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 

Description 

Claims 

„ Abstract— 



1=^ 




Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 

(please specify) 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



We request the grant of a patent on the basis of this application. 
Signature 



Carpmaels & Rans ford 
Paul N. Howard 



Date 

10th November 2003 



Warning _ 

Motes 



Proteins involved in signal transduction 

All documents cited herein are incorporated by reference in their entirety. 



5 



TECHNICAL FIELD 

This invention is in the field of signal transduction in bacteria and particularly relates to the 
modulation of quorum sensing with peptide hydrolase and peptide hydrolase inhibitors. 



BACKGROUND ART 

Quorum sensing is a phenomenon that was first termed in 1994 by Fuqua et al. (J. Bacteriology, 
176:269-276). However, the phenomenon of "autoinduction" in the bioluminescent organism 
Photobacteria fischeri Cater to become Vibrio fischeri) which underpinned the development of 

10 quorum sensing research was first described in 1970 by Nealson, Piatt and Hastings (J. Bacteriol. 
104(l):313-22). Whilst working on the physiology of luminescence of Photobacteria fischeri 
(Vibrio fischeri), they noticed that there was no appreciable amount of luminescence emitted by 
the bacteria until the population of cells had reached a concentrated culture. This phenomenon 
was also noticed in conjunction with the squid Euprymna scolopes, where the bacteria colonise 

15 the squid's light organ to a concentration of 10 10 to 10 u cells/ml, causing the organ to glow. 
However, when present in diffuse amounts in seawater, no bioluminescence is noticed. It 
therefore seemed that the population of bacteria could sense its own concentration and either 
initiate the bioluminescent pathway or remain unlit. This mechanism which combines cell-cell 
communication and cell density is defined as quorum sensing. 

20 In V fischeri the system is controlled by the lux operon which consists of a number of genes 
including /ux/, encoding the autoinducer synthase, and luxR which encodes an autoinducer- 
dependent activator of the luminescence genes (Sitnikov et al 1995, Mol. Microbiol.l7:801- 
812). The autoinducer signal molecule, which in many Gram negative bacteria is N-acylated 
homoserine lactone (AHL), is excreted by each cell into the surrounding media. This autoinducer 

25 is then taken up by other cells and binds the LuxR receptor protein which then activates the lux 
operon, causing the production of luciferase and therefore bioluminescence. Kolibachuk and 
Greenberg (J. Bacteriol. 1993, 175(22):7307-7312) proposed a model for the signal transduction 
pathway that is used in this process. Their experiments suggested that the LuxR is found on the 
inner surface of the bacterial cytoplasmic membrane. Further evidence of this is given in 

30 "Transcriptional Activation by LuxR" (Stevens and Greenberg, 1999, in "Cell-cell signalling in 
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bacteria" Eds. Dunny & Winams, Fuqua, C & Greenberg, EP, 2002, Nat. Rev. Mol Cell Biol 3 
685-695). 

The phenomenon of quorum sensing is not just limited to V.fischeri, but has been described in a 
number of Gram-negative and Gram-positive bacteria. Many of these bacteria use quorum 
- S ^gJ^?^qLthe production^ 

to avoid host defences until a sufficient population has been reached. Examples of pathogens that 
utilise quorum sensing include Bacillus subtilis, Streptococcus pneumoniae, Enterococcus 
faecalis, Pseudomonas aeruginosa, Burkholderia cepacia, Yersinia pestis, Yersinia 
enterocolitica and Yersinia pseudotuberculosis (Camara et ah 2002 The Lancet Infectious 
Diseases 2:667-676). With the emergence of organisms that are resistant to many antibiotics 
such as methicillin-resistant Staphylococcus aureus (MRSA), quorum sensing represents a novel 
therapeutic target offering the opportunity to attenuate virulence, thus controlling infection by 
blocking cell-cell communication. Pseudomonas aeruginosa is also known to form biofilms 
which, amongst other things, corrode ships and clog pipes. Formation of these biofilms may be 
1 5 prevented by targeting the quorum sensing mechanism. 

Biofilms form when bacteria adhere to surfaces in aqueous environments and begin to excrete a 
slimy, glue-like substance that can anchor them to all kinds of material - such as metals, plastics, 
soil particles, medical implant materials, and tissue. The production of this "slimy, glue-like' 
substance" and other virulence determinants are thought to be controlled by quorum sensing 
(Latifi et ah 1995, Mol. Microbiol. 17:333-344; Davis DG et ah, 1998, Science 280, 295-298). A 
biofilm can be formed by a single bacterial species, but more often biofilms consist of many 
species of bacteria, as well as fungi, algae, protozoa, debris and corrosion products. Essentially, 
biofilms may form on any surface exposed to bacteria and some amount of water (Costerton et 
al. 1987, Arm. Rev. Microbiol. 41:435-464). Biofilms generally comprise bacteria that are able 
to produce a polymer of acidic polysaccharides. Once anchored to a surface, biofilm 
microorganisms carry out a variety of detrimental or beneficial reactions (by human standards), 
depending on the surrounding environmental conditions. They are also capable of trapping 
nutrient aciLpaniculoiec ihai can coiiiribue to dirir -A,^ .±^lcm^i .aid : (i tilfr" 
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is not always effective due to the protective nature of the biofilm matrix polymers. It is not 
desirable to treat biofilms in the open environment with antibiotics. There is therefore a need for 
a method of inhibiting biofilms. 

DISCLOSURE OF THE INVENTION 

5 The present invention is based on the discovery that the protein complexes involved in quorum 
sensing are found on the outer surface of the bacterial membrane during certain stages of growth. 

In particular, it has been found that the protein LuxR is an integral part of a signal transduction 
complex that is found on the outer surface of the V. fischeri bacterial membrane. The interaction 
of the protein LuxR and autoinducer signal molecule (which for V. fischeri is an N-acylated 
10 homoserine lactone, specifically N-3-(oxohexanoyl)homoserine lactone) is therefore a target for 
modulation to control quorum sensing, attenuate virulence and thereby control bacterial 
proliferation. The finding that the protein LuxR forms part of a signal transduction complex on 
the outer surface of the bacterial membrane facilitates extracellular modulation of the activation 

of LuxR or homologue of LuxR. It therefore facilitates modulation of the activation of LuxR or a 
15 homologue of LuxR by a peptide hydrolase or peptide hydrolase inhibitor, which is unable to 

cross the bacterial cell membrane. Furthermore, other bacteria that use quorum sensing have 

similar signal transduction complexes comprising a homologue of LuxR. One such homologue is 

the LasR protein of P. aeruginosa. 

In a first aspect, the invention provides a method of regulating quorum sensing comprising 
20 modulating the ability of LuxR to activate transcription. 

The present invention may be employed in the regulation of any bacteria employing quorum 
sensing. Proliferation of such bacteria involve distinct stages, namely, pre-quorate, quorate and 
post-quorate. For modulation, preferably the bacteria are in the pre-quorate or quorate stage, 
more preferably they are in the pre-quorate stage. 

25 The activation of LuxR or a homologue of LuxR may be upregulated or downregulated. 
Preferably the activation of LuxR or a homologue of LuxR is downregulated and more 
preferably is prevented. 

Homologues of LuxR are proteins that share a common evolutionary ancestor with LuxR (as 
described by Gray & Garey, 2001, Microbiology, 147:2379-2387) and are induced in quorum 
30 sensing. Homologues of LuxR are described in PROSITE as being members of the LuxR family 
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of proteins (see http^/us.expasy.org/cgi.bin/nicedoc.pl?PS00622). Preferably they are proteins 
that are found on the outer surface of bacterial membranes during the pre-quorate and quorate 
Phases of bacterial growth and which bind a signalling molecule and are then able to activate 
transcription. Preferably, they are proteins that share sequence identity with LuxR. Preferably 
homologues of LuxR have residues corresponding to those of LuxR. Preferably homologues of 
" LuxR have-residues corr^ 
Clustal alignment algorithm: TRP66, TYR70, ASP79, PRO80, GLY121, GLU187 and GLY197. 
Preferably the homologue of LuxR is selected from the group consisting of AhlR, AhyR, AsaR, 
BisR, BviR, CarR, CepR, CerR, CinR, CsaR, CviR, EagR, EcbR, EchR, EsaR, ExpR HalR 
LasR LuxS, MH8752, MupR, PhzR, PpuR, PsmR, PsyR, RaiR RhiR, RhlR, SdiA, SdiR, SmaR 
SolR SpnR, SprR SwrR TraR, TriR, TriR, TrnR, VanR, VsmR Y4qH } YenR, YpeR, YpsR 
YruR YtbR and YukR 

LuxR and the homologues of LuxR use an N-acylated homoserine lactone as the signalling 
molecule. 

It has been discovered that by treating bacteria with peptide hydrolase it is possible to 
downregulate quorum sensing. The action of the peptide hydrolase prevents LuxR or a 
homologue of LuxR from activating transcription. This is possible due to the presence of LuxR 
(or its homologues) on the outer membrane of bacteria. The invention therefore provides a 
method of downregulating the abUity of LuxR (or a homologue thereof) to activate transcription 
comprising treating LuxR (or the homologue) with a peptide hydrolase. Preferably the peptide 
hydrolase used in the method of the invention is selected from group 3.4 as defined by the 
Nomenclature Committee of the International Union of Biochemistry ( see 
http://www.chem.qmw.ac.uk/iubmb/en2yme/). In the case of LasR preferred peptide hydrolases 
are Arg-C proteinase, Asp-N endopeptidase, BNPS Skatole, CNBr, chymotrypsin, clostripain, 
formic acid, glutamyl endopeptidase, iodosobenzoic acid, lysC, NTCB (2-nitro-5-' 
thiocyanobenzoic acid), pepsin, proline-endopeptidase, proteinase K, Staphylococcal peptidase I, 
thermolysin and trypsin. 



The method of the invention may be used for the inhibition of biofilms on all kinds of surfaces. 
Preferably the surface is selected from the list comprising, wood, glass, concrete, plastic, 
ceramic, porcelain and metal. The surfaces being treated may be found in an industrial context 
such as on a cooling tower at a power station or in a fluid pipeline, or in a domestic context such 
as kitchen work surfaces, baths, showers, sinks and toilets. The method is preferably used to 
inhibit biofilms on dentures, contact lenses, artificial valves or prosthetic implants, catheters, 
pacemakers and surgical pins. Accordingly, the present invention provides a method of 
inhibiting a biofilm on a surface comprising treating the surface with a peptide hydrolase. In a 
further embodiment, the peptide hydrolase may be integrated into the surface. This embodiment 
may be of particular use in kitchen utensils or where the surface is difficult to access, such as in 
pipelines. 

Biofilms are produced by a number of different bacterial species. Preferably the method is used 
to inhibit biofilms produced by Pseudomonas, Burkholderia, Klebsiella, Acinetobacter, 
Flavobacterium, Enterobacter or Aerobacter. 

1 5 The peptide hydrolase is preferably in the form of a composition. The composition may comprise 
one or more of an aqueous or non-aqueous carrier, a detergent, a surfactant, a biocide, a 
fungicide, an antibiotic, a pH regulator, a perfume, a dye or a colourant or a mixture thereof. 

Said composition preferably comprises one or more of: an aqueous or a non-aqueous carrier, a 
detergent, a surfactant, a biocide, a fungicide, an antibiotic, a pH regulator, a perfume, a dye or a 

20 colourant or a mixture thereof. 

As LuxR and its homologues are present on the outer surface of bacterial cells, they may be 
susceptible to degradation from external sources. They can also be internalised and/or degraded 
by the bacterial cell. It is possible to prevent this from happening by treating the bacteria with a 
peptide hydrolase inhibitor. 

25 Therefore, in a second aspect, the invention provides a method of upregulating quorum sensing 
by treating bacteria with a peptide hydrolase inhibitor. 

A number of peptide hydrolase inhibitors are known in the art. Preferably the peptide hydrolase 
inhibitor used in this method is selected from the group consisting of serine protease inhibitors 
{e.g. PMSF, Benzamide); cysteine (thiol) protease inhibitors {e.g. PHMB, leupeptin); aspartate 
30 (acidic) protease inhibitors {e.g. pepstatin, DAN) and metalloprotease inhibitors (e.g. EDTA, 
EGTA). 
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Treatment of bacteria with a peptide hydrolase inhibitor may be used to upregulate quorum 
sensing in any species of bacteria that utilises this system. Preferably quorum sensing is 
upregulated in bacteria selected from the list consisting of Bacillus subtilis, Streptococcus 
pneumoniae, Staphylococcus aureas, Enterococcus faecalis, Pseudomonas aeruginosa, 
Burkhol deria cepacia, Pseudomonas fluoresce™, Yersinia pestis^ Yersinia enterocolitis or 
Yersinia pseudotuberculosis. " ~ ~ ' " 

The methods of the invention may be carried out in Gram negative or Gram positive bacteria. 
Preferably, the methods are carried out on Gram negative bacteria. 

It is also possible to insert exogenous genes into bacterial operons using common molecular 
biology techniques. These genes are then expressed by the bacteria upon activation and 
transcription of that operon. Therefore the invention also provides for a method of expressing an 
exogenous gene, wherein said exogenous gene has been inserted into the operon controlled by 
quorum sensing. 

Any gene may be inserted, however preferred genes are those that encode proteins that are 
normally expressed at low levels or those that have a beneficial effect in the host. It is also likely 
mat any protein produced by this method would be transported (like the LuxR protein) to the cell 
surface. The transport to the cell surface could occur by coupling the exogenous gene to the luxR 
gene. This would result in the production of an antigenic protein coupled to whole, or part of 
LuxR or a homologue of LuxR. This mechanism may therefore be used for the presentation of 
antigens. In particular antigens from pathogenic bacteria or viruses may be presented. Therefore 
genes expressing antigenic proteins are preferably used in this method. Upon expression, the 
antigenic protein would be presented at the bacterial surface and could induce an immune 
response. Therefore this method could provide an alternative method of vaccination. 



25 Peptide hydrolases 

Peptide hydrolases are enzymes that inc-versibly hydrolysc aniideJiondUn peptides. ™H prgt eii 
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group 3.4. There are currently 19 families in this group. The term "Family" is used to describe a 
group of peptide hydrolases in which each member shows an evolutionary relationship to at least 
one other member, either throughout the whole sequence or at least in the part of the sequence 
responsible for catalytic activity. The name of each Family reflects the catalytic activity type of 
5 the proteases in the Family. Thus, serine proteases belong to the S family, threonine proteases 
belong to the T family, aspartyl proteases belong to the A family, cysteine proteases belong to 
the C family and metalloproteases belong to the M family. Certain proteases have an unknown 
mechanism of action and belong to the "U" family. Examples of proteases include, trypsin, 
chymotrypsin, elastase, carboxypeptidase A and pepsin. 

10 Peptide hydrolases (proteases) are typically small monomelic enzymes of M r 15000 to 35000. 
Exceptions include leucine aminopeptidase which is somewhat larger, having an M r of 324,000. 
Each peptide hydrolase has its own set of optimal functioning conditions and different enzymes 
recognise different cleavage sites. 

In the present invention, bacterial cells can be treated with peptide hydrolases and these degrade 
1 5 proteins on the outside of bacterial cells. In particular, the peptide hydrolases will degrade LuxR 
or homologues of LuxR which are found on the exterior surface of the bacterial membrane. Such 
a degradation will result in the cell being unable to use quorum sensing, as a vital part of the 
signal transduction complex has been inhibited. 

The Peptide Cutter tool (see 

20 http://us.expasy.org/tools/peptidecutter/peptidecutter _instructions.html) may be used to decide 
which particular peptide hydrolase should be use for a particular homologue of LuxR 



Peptide hydrola se Inhibitors 

As the name suggests, these are molecules that prevent the action of proteases (peptide 
25 hydrolases). Inhibition may be competitive, noncompetitive, uncompetitive or mixed and is 
generally reversible. The type of inhibition depends on the mode of action of the peptide 
hydrolase, such as if other external cofactors are required for enzyme action. 

Examples of these are tissue inhibitors of metalloproteases (TIMPs) and the serine protease 
inhibitors known as serpins. These inhibitors are specific for particular peptide hydrolases and 
30 bind tightly to the activated enzyme to block its activity. These inhibitors are found in the human 
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body and are secreted by cells at the margins of areas of active degradation in order to protect 
uninvolved matrix; they may also protect cell-surface proteins that are required for cell adhesion 
or migration. 

Treatment with a peptide hydrolase inhibitor prevents external peptide hydrolases and bacterially 
. produced peptide k»MMes ^ 

and its homologues are available to bind signalling molecules and then become internalised and 
initiate transcription. This therefore interrupts the natural breakdown of the LuxR protein (and its 
homologues), thus upregulating quorum sensing. Furthermore signal transduction is potentiated 
and any associated downstream response is amplified. 

As mentioned above, the following peptide hydrolase inhibitors may be used in method of the 
invention: serine protease inhibitors (e.g. PMSF, Benzamide); cysteine (thiol) protease inhibitors 
(e.g. PHMB, leupeptin); aspartate (acidic) protease inhibitors (e.g. pepstatin, DAN) and 
metalloprotease inhibitors (e.g. EDTA, EGTA). 
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15 Compositions 

Peptide hydrolases or peptide hydrolase inhibitors may be used in the present invention in the 
form of compositions comprising an effective amount of the peptide hydrolase or peptide 
hydrolase inhibitor. The term "effective amount" as used herein refers to an amount of an agent 
needed to treat, ameliorate, or prevent biofilm formation, or to exhibit a detectable remedial or 
preventative effect For any compound, the effective dose can be estimated initially either in cell 
culture assays, for example using a flow cell. An "effective amount" of peptide hydrolase 
inhibitor is an amount of the agent needed to produce a noticeably higher level of transcription of 
the operon controlled by quorum sensing. 

A cleaning composition for inhibiting biofilms may be in the form of the peptide hydrolase and a 
25 vehicle or earner such as water or a non-aqueous vehicle. Aqueous vehicles or suspensions 
containing an effective amount of the active compound suitable Jo control, diminish, prevent 



• r 

The composition may further comprise a surfactant selected from the group consisting of 
anionic, nonionic, amphoteric, biological surfactants and mixtures thereof. The surfactant may be 
in the range of 0.1% to 10% by weight. 

Most preferably the composition may further comprise a detergent, a biocide, a fungicide, an 
5 antibiotic or a mixture thereof. The composition may also comprise a pH regulator, a perfume, a 
dye or a colourant. 

A composition for use in upregulating transcription may contain an aqueous or a non-aqueous 



carrier. 



10 Downregulation of G ene expression 

As mentioned above, peptide hydrolases may be used to disrupt quorum sensing by destroying 
proteins of the signal transduction complex such as LuxR and its homologues. This results in a 
lower level of expression than normal of the protein(s) controlled by the regulon controlled by 
quorum sensing. This protein could be luciferase (as is the case for V. fischeri and the Lux 
15 operon) or could be for a virulence determinant (as is the case for Ps. aeruginosa and the LasR 
operon) or could be other proteins, such as those that enable bacteria to form biofilms, for 
example rhamnosyltransferases RhlA and B which are under quorum sensing control by the 
LuxR homologue, RhlR, in Ps. aeruginosa. 

Therefore if the expression of genes encoding virulence determinants is inhibited, it is likely to 
20 reduce the virulence of certain bacteria and also to reduce the biofilm-forming potential of 
bacteria. 



Uprep ulation of Oene Expression 

The use of peptide hydrolase inhibitors results in the upregulation of quorum sensing, as the 
25 receptor complex on the outside of the bacterial cell is not degraded. It is therefore possible to 
insert DNA encoding desirable proteins into the Lux operon (or homologous operon) and use 
this system to express or over express the protein. 

DNA may be inserted into bacterial cells using methods well known in the art. The DNA may be 
in the form of a plasmid. In order for the DNA to insert into the operon controlled by quorum 
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sensing it is necessary to know some of the DNA sequence of mis operon. This enables the 
design of flanking sequences that are homologous a sequence in the operon. These flanking 
sequences are then attached at either end of the desired exogenous gene. Once inside the 
bacterial cell, the desired exogenous gene with the flanking sequences may undergo homologous 
recombination, thus inserting the DNA of the desired gene into fce operon controlled by quorum 
- sensing: Therefore," when" transcription is "induced by ~ie action "of LuxR or "one of" its" 
homologies, the desired gene is expressed by the bacterial cell. 

This method is desirable for the production of proteins. The use of bacteria to express proteins is 
well known in the art. However, this method provides an easily controllable system where the 
production of protein can not only be switched on and off, it can be controlled by the addition of 
different concentrations of the signalling molecule. 

As LuxR is transported to the bacterial membrane, it is likely that any exogenous protein 
expressed using this method would be transported to the membrane. This would be particularly 
useful if the secretion of proteins were desired. Alternatively, it could be useful if the proteins 
were retained and presented at bacterial membrane. This could provide an alternative method of 
vaccination. An otherwise non-pathogenic bacterium could be transformed to express an 
autogenic protein that could elicit an immune response. This could provide an effective means of 
vaccinating against viral and bacterial diseases. 

BRIEF DESCRIPTION OF DRAWINGS 

20 Figure 1 shows the changes in bioluminescence for V.fischeri cells incubated under a number of 
conditions. 

Figure 2 shows the changes in bioluminescence for V.fischeri cells incubated with or without 
peptide hydrolase inhibitor or treated with peptide hydrolase inhibitor for 15 minutes before 
washing and returning to fresh medium. 

25 Figure 3 shows the changes in optical density and bioluminescence for V.fischeri cells incubated 

uim_cr Tvithoui ceptiik-hvdroJ^e inhibitor. 
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MODES FOR CARRYING OUT THE INVENTION 

Pvam pl* 1 r Treatment of cells with peptide hydrolase 

Vibrio fischeri NRRL B-11177 (ATCC 7744). The cells were grown at 25°C in 50ml volume 
medium in 250ml flasks in an orbital shaker set at 200rpm. Growth of cultures was measured by 
reading the optical density at a wavelength of 595nm using a Pye Unicam P8600 
Spectrophotometer with cuvettes of 1cm light path and sterile growth medium as a blank. Vibrio 
fischeri cultures were grown in nutrient broth (Oxoid) +2% NaCl or in luminescence media 
consisting of 5% yeast extract, 5% tryptone peptone, 1% CaC0 3 and 3% glycerol in filtered 
seawater. 
10 Luminometry 

lml aliquots of the culture samples were placed into cylindrical, flat-bottomed cuvettes. No 
washing of the cells was required and light output was measured using a BioOrbit 1253 
luminometer connected to a computer running the Lumicom™ data processing software. Light 
output was measured on a linear arbitrary scale, assuming zero to be complete darkness. Each 
1 5 reading was performed in triplicate and averaged. 
Peptide hydrolase Addition 

Overnight cultures of V. fischeri were grown in NB + 2% NaCl as described previously, lml 
aliquots were taken and washed three times in lx PBS. lOul of a general bacterial peptide 
hydrolase mix (Flavourzyme from Aspegillus oryzae, Sigma P-61 10) was added to each sample 
20 and left to incubate at room temperature for 30 minutes. Each sample was then inoculated into a 
250ml flask containing 100ml sterile NB + 2% NaCl. lOul of a 5mg/ml concentration AHL was 
then added to each flask and changes in optical density (595nm) and light output were monitored 
over time against control flasks. 



25 Exam ple 2: Treatment of cells with pe ptide hydrolase inhibitor 

The procedure was followed as for the peptide hydrolase addition experiments but with the 
addition of a bacterial peptide hydrolase inhibitor cocktail (Sigma, P 8465), containing 4-(2- 
aminoethyl)benzenesulfonyl fluoride, pepstatin A, E-64, bestatin, and sodium EDTA, in place of 
peptide hydrolase. 

30 Figure 1 shows the results of the experiments conducted using both peptide hydrolase and 
peptide hydrolase inhibitors. As a control, luminescence was measured both with and without 
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addition of AHL, the quorum sensing signalling molecule. The third column of figure 1 shows 
that upon treatment with peptide hydrolase, luminescence was completely inhibited. Conversely, 
when cells were treated with peptide hydrolase inhibitor rather than peptide hydrolase, the 
luminescence almost doubled, indicating an increase in activation of the quorum sensing system. 
When cells were treated with both peptide hydrolase and peptide hydrolase inhibitor a decrease 
ihluminescence was noticed. 

It can be seen in figure 2 that peptide hydrolase inhibitor is required in the medium in order to 
have its effect When cells were treated with peptide hydrolase inhibitor, washed and then 
returned to fresh medium, no increase in luminescence was noted. In fact, a lower level of 
luminescence was noticed than for cells that had not received any peptide hydrolase inhibitor 
treatment. 

The treatment with peptide hydrolase inhibitor did not affect the growth rate of the cells as can 
be seen in figure 3A. However, the presence of peptide hydrolase inhibitor did produce an 
increase in luminescence. 



It will be understood that the invention has been described by way of example only and 
modifications may be made whilst remaining within the scope and spirit of the invention. 
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CLAIMS 

1. A method of regulating quorum sensing comprising modulating the ability of LuxR or a 
homologue of LuxR to activate transcription. 

2. A method according to claim 1 wherein said homologue of LuxR is selected from the list 
5 consisting of AhyR, AsaR BviR, CarR, CepR, CerR, CinR CsaR, CviR, EchR EsaR, 

ExpR, HalR, LasR, LuxS, M118752, MupR PhzR, PpuR, PsmR, PsyR RaiR RhiR, RhlR, 
SdiA, SdiR SmaR, SolR SpnR, SprR, SwrR, TraR, TrnR, VanR, YenR YpeR, YpsR 
YruR, YtbR and YukR. 

3. A method according to claim 1 or claim 2 wherein quorum sensing is downregulated by 
1 0 treating bacteria with a peptide hydrolase. 

4. A method according to claim 3 wherein said peptide hydrolase is selected from the group 
consisting of Arg-C proteinase, Asp-N endopeptidase, BNPS Skatole, CNBr, 
chymotrypsin, clostripain, formic acid, glutamyl endopeptidase, iodosobenzoic acid, lysC, 
NTCB (2-nitro-5-thiocyanobenzoic acid), pepsin, proline-endopeptidase, proteinase K, 

1 5 Staphylococcal peptidase I, thermolysin and trypsin. 

5. A method according to any preceding claim wherein a biofilm is inhibited. 

6. A method according to claim 5 wherein said biofilm is caused by Pseudomonas, 
Burkholderia, Klebsiella, Acinetobacter, Flavobacterium, Enter obacter otAerobacter. 

7. A method according to claim 5 or claim 6 wherein said surface is wood, glass, concrete, 
20 plastic, ceramic, porcelain or metal. 

8. A method according to any one of claims 5 to 7 wherein said surface forms part of a 
denture, a contact lens, an artificial valve, a prosthetic implant, a catheter, a pacemaker or a 
surgical pin. 

9. Use of a composition comprising a peptide hydrolase and an aqueous or a non-aqueous 
25 carrier for disrupting the quorum sensing signal pathway of bacteria. 

10. A use according to claim 9, wherein the composition further comprises one or more 
compounds selected from the group consisting of a detergent, a surfactant, a bioeide, a 
fungicide, an antibiotic or a mixture thereof. 

11. A use according to Claim 9 or claim 10 wherein the composition further comprises one or 
30 more of a pH regulator, a perfume, a dye or a colorant. 
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12. A use according to any one of claims 9 to 1 1, wherein said composition is in the form of a 
spray, a foam, a slurry, a dispensable liquid or is freeze dried. 

13. A method according to claim 1 or claim 2 wherein quorum sensing is upregulated by 
treating bacteria with peptide hydrolase inhibitor. 

J4..A method according.to claim--l-3-wherein said-peptide hydrolase inffib^ 

the group consisting of serine protease inhibitors, including PMSF and Benzamide- 
cysteine (thiol) protease inhibitors, including PHMB and leupeptin; aspartate (acidic) 
protease inhibitors, including pepstatin and DAN; and metalloprotease inhibitors, 
including EDTA and EGTA. 

15. A method according to claim 12 or claim 13 wherein said bacteria is Bacillus subtilis 
Streptococcus pneumoniae, Staphylococcus aureas, Vibrio salmonicida, Aeromonas 
hydrophila, Burkholderia stabilis, Burkholderia vietnamiensis, Burkholderia multivorans, 
Escherichia coli, Serratia marcescens, Salmonella typhi, Brucella suis, Brucella 
melitensis, Yersinia ruckeri, Hafina alvei, shigella flexneri, Serratia liquefaciens 
Enterococcus faecalis, Pseudomonas aeruginosa, Burkholderia cepacia, Pseudomonas 
fluoresces, Yersinia pestis, Yersinia enterocolitica or Yersinia pseudotuberculosis. 

16. A method according to any one of claims 12 to 15 wherein an exogenous gene is inserted 
into the operon controlled by quorum sensing. 

17. A method according to claim 16 wherein said exogenous gene is required to be transported 
to the bacterial cell surface. 

18. A method according to claim 16 wherein said exogenous gene encodes an antigen. 

19. A method according to claim 18 wherein said antigen is of bacterial or viral origin. 

20. Use of a composition comprising a peptide hydrolase inhibitor and an aqueous or a non- 
aqueous carrierfor upregulating the quorum sensing signal pathway of bacteria. 
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ABSTRACT 

The method relates to a method of modulating quorum sensing in bacteria. Quorum sensing is 
inhibited using peptide hydrolases. This inhibition is used to prevent biofilm formation or to 
break down established biofilms and may also be used to downregulate Hie production of 
virulence determinants by pathogenic bacteria. The invention also relates to the use of peptide 
hydrolase inhibitors for the upregulation of quorum sensing in bacteria, resulting in the 
overproduction of proteins and the use of this system as an expression system. 
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Figure 3: Changes in optical density and bioluminescence for V. fischeri cells 
incubated with or without protease inhibitor. 

A 

Graph to show changes in OD over time for two V. 
fischeri cultures, + and - protease inhibitor. 
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Graph to show changes in light output over time for two 
cultures of V. fischeri, + and - protease inhibitor. 
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